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The application of light materials to space structures, aircraft, robots and automobiles
has increased the demand for efiective algorithms to model and predict the response
of structural multibody systems. The understanding of mechanics can assist in devel-
oping better design and control strategies. Formulation of mathematical models of a
multibody system using manual approaches is a di–cult task and prone to errors. For
non-linear and/or time-varying systems, numerical formulation provides limited informa-
tion about physical insight. In this study, a computer-aided symbolic method is used to
generate the equations of motion from Lagrange’s method. Equations are converted into
FORTRAN form ready for simulations and control synthesis. The 4{5th order Runge{
Kutta{Fehlberg method (RKF45) was used to numerically solve the system of equations.
Two examples, namely a slider{crank mechanism and an aircraft model are presented.
c° 1996 Academic Press Limited
1. Introduction
A multibody system can be deflned as a collection of bodies or components that undergo
rigid body translations and rotations as well as elastic deformations. Typical examples
of such systems are vehicles, robotics, satellites with °exible attachments, and mecha-
nisms. Research in the area of multibody dynamics has been motivated by a growing
interest in the simulation and design of large-scale systems with interconnected bodies.
The analysis of complex multibody systems requires signiflcant algebraic computations.
Therefore, manual formulation of such systems is a very tedious and time consuming
process. Moreover, it is prone to errors. To overcome the di–culties, many researchers
are favoring computer-aided symbolic methods which cannot only minimize the analyst’s
burden and eliminate errors but also include higher-order terms in the formulation. Sym-
bolic methods provide explicit equations which can facilitate parameter identiflcation in
the design process. The analysis of multibody systems using numerical formulation is
ine–cient, because of the repetitions involved in the formulation for every time step and
each new set of parameters. This can be avoided using a symbolic method, where the
formulation is done only once for a speciflc model for the entire simulation time.
The dynamics of a continuous system is governed by a set of partial difierential equa-
tions with an inflnite number of variables depending on the time as well as the geometry.
y E-mail: jlieh@delta.cs.wright.edu
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Discretization of such systems can be carried out using the lumped-mass method (Sadler,
1975), the flnite element method (Zienkiewicz, 1977) or the assumed-mode method (Hast-
ings and Book 1986; Lieh, 1992). In the lumped-mass approach, the continuous system
is divided into lumps and the element mass is placed at the center of each lump. When
using the assumed-mode method, one is to select the shape functions via given bound-
ary conditions. The flnite element method discretizes a structure into relatively small
regions called elements that are connected at the nodes. The elastic deformation of each
element is expressed in terms of a series of geometrically dependent shape functions and
time-dependent generalized coordinates. Research in flnite element analysis of structural
systems appears in numerous articles. Finite element equations of motion are often de-
rived from Lagrangian methods (Sunada and Dubowsky, 1981; Weee˜n, 1988; Nagaranjan
and Turcic, 1990), Variational principle (Thompson and Sung, 1984), Hamilton’s prin-
ciple (Calvin and Dusto, 1977), and Galerkin and Ritz methods (Strang and Fix, 1980;
Ortega and Poole, 1984; Stasa, 1985). Other methods such as the component mode syn-
thesis technique and virtual work principle can also be used (Jonker, 1989; Liou and
Erdman, 1989; Smet et al., 1989). The selection of method depends on the purpose of
analysis, the accuracy required, and the computational cost.
Midha et al. (1978) developed a general purpose approach for deriving equations of
motion of planar linkages. Song and Haug (1980) analysed the mid-point de°ection of
the connecting rod of a slider{crank mechanism by dividing the °exible connecting rod
into two beam elements. Shabana and Wehage (1983) proposed a method for transient
dynamic analysis of mechanical systems consisting of interconnected rigid and °exible
bodies that undergo large angular displacements. Agrawal and Shabana (1985) devel-
oped a methodology for imposing the boundary conditions of a constrained °exible body
in a multibody system. Turcic and Midha (1983) established a procedure for modeling
complex elastic mechanisms to include non-linear coupling terms and compared exper-
imental with simulated results. Bakar and Shabana (1986) analysed the dynamics of
°exible multibody systems by introducing geometric non-linearities due to elastic defor-
mation up to third-order in the strain energy formulation. Changizi et al. (1986) proposed
a method for transient analysis of a large-scale multibody system with application to air-
craft wing vibration problems. The need for better design of light structural systems has
demanded the inclusion of many factors that have been ignored in the past. For example,
the neglect of motion-induced terms [such as rotating beams (Kane et al., 1987; Hanagud
and Sarkar, 1989; Downer et al., 1992)] may lead to a mathematical model that poorly
represents the actual system.
There are many computer-based techniques available for analysis and design of multi-
body systems. Most of these methodologies use numerical formulation for generating
flnite element equations of motion. Only very few articles describe the use of symbolic for-
mulation of flnite element equations (Wang, 1986; Barbier et al., 1990; Sharma and Wang,
1990; Lieh, 1993). Symbolic languages such as FORMAC (Bahr, 1975), MACSYMA
(Rand, 1984), MAPLE (Char et al., 1988), muMATH (Woofi and Hodgkinson, 1987),
MATHEMATICA (Wolfram, 1988) and REDUCE (Rayna, 1987) are capable of sym-
bolic programming.
The object of the research work is to explore the use of symbolic methods for equation
formulation. The present work is limited to 2D, open-loop multibody systems with large
rigid body motion and small elastic deformation. Lagrange’s equations are expanded
to facilitate symbolic programming in MAPLE. Generalized forces are derived from vir-
tual energies. The Runge{Kutta{Fehlberg method (4{5th order) with self-adjustable step
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Figure 1. Coordinate system of body i.
size is used to solve the system of equations numerically. Two examples, a slider{crank
mechanism and an aircraft model are used to demonstrate the advantages of symbolic
formulation. In the slider{crank mechanism model, the de°ection of the connecting rod
is analysed by including the geometric non-linearities due to the elastic deformation. An
aircraft was modeled as a multibody system consisting of rigid and °exible bodies con-
nected together. The wings are treated as °exible bodies, and each is divided into ten
elements. The dynamic response of the aircraft was analysed during the traverse of an
abrupt elevation change in the runaway surface.
2. Finite Element Formulation of Multibody Systems
In order to specify the conflguration of a body, it is necessary to deflne a set of gener-
alized coordinates so that the global position and orientation of each element of a body
can be determined in terms of these generalized coordinates. As shown in Figure 1, let
ei and ej be unit vectors of the global coordinate system, and eri and eµi be the radial-
transverse coordinate system of body i. Using the flnite element approach, body i is
divided into a set of elements which are connected at the nodes.
The location of any arbitrary point, Pij , on element j is deflned by two sets of gener-
alized coordinates. The flrst set consists of reference coordinates that locate the position
of a body coordinate system with respect to the global coordinate system and the second
set consists of elastic coordinates that characterize elastic deformation of element j.
As shown in Figure 1, let erij and eµij be the unit vectors of element j which are
attached to the node. Let Pij be any point on element j of body i. due to the elastic
deformation point Pij is deformed to point P 0ij . The location of the deformed point P
0
ij
can be determined by specifying the position of the body coordinate system with respect
to the global coordinate system and the location of point P 0ij with respect to the element
coordinate system.
Let Ri and µi represent the translation and rotation of the ith body coordinate system
with respect to the global coordinate system. The relative position vector dij that deflnes
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the location of P 0ij on element j in the element coordinate system can be written as,
dij =
8<: r + vijuij0
9=; (2.1)
where vij and uij are the longitudinal and lateral deformations of point Pij .
The absolute position of point P 0ij in element coordinates can be written as
rPij = T ij;GRi +L0ij + dij (2.2)
where Ri is the position of the body coordinate system with respect to the global coor-
dinate system, L0ij is the position of the element coordinate system with respect to the
body coordinate system and T ij;G is the transformation matrix from global to element
coordinates and is given as
T ij;G =
24 cos(µij) sin(µij) 0¡ sin(µij) cos(µij) 0
0 0 1
35 (2.3)
where µij is the angle between the global coordinates and the element coordinates.
2.1. element mode shapes
The deformation within each element is described in terms of polynomials. The co-
e–cients of these polynomials are deflned using physical coordinates called the nodal
coordinates. The longitudinal deformation of an element is a flrst-order function of r and
can be expressed as,
vij(r; t) = 'Tv qvij (2.4)
where qvij is the vector of generalized coordinates corresponding to the longitudinal
deformation of element j and 'v is the associated mode shape vector which is obtained
by applying the boundary conditions of element j.
'v =
8><>:
1¡ r
Lij
r
Lij
9>=>; (2.5)
where Lij is the undeformed element length. The lateral deformation of an element is a
third-order function of r and can be expressed as,
uij(r; t) = 'Tuquij (2.6)
where quij is the vector of generalized coordinates corresponding to the lateral deforma-
tion, and 'u is the associated mode shape vector of element j, respectively. The mode
shape vector 'u for lateral deformation was obtained by applying boundary conditions
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of element j.
'u =
8>>>>>>>>>>><>>>>>>>>>>>:
1¡ 3 r
2
L2ij
+ 2
r3
L3ij
r ¡ 2 r
2
Lij
+
r3
L2ij
3
r2
L2ij
¡ 2 r
3
L3ij
¡ r
2
Lij
+
r3
L2ij
9>>>>>>>>>>>=>>>>>>>>>>>;
: (2.7)
2.2. kinetic energy formulation
To evaluate the kinetic energy of element j of body i, it is necessary to derive an
expression for the velocity vector of point P 0ij . The absolute velocity of point P
0
ij is
obtained by difierentiating equation (2.2) with respect to time.
V pij = _rpij
= ( _rpij )rel + ~›ijrpij
=
@rpij
@qij
_qij +
@rpij
@t
+ ~›ijrpij (2.8)
where qij is the vector of generalized coordinates associated with the position of point
P 0ij and ~›ij is the skew symmetric matrix of angular velocity of element j.
The generalized coordinates associated with the position of point P 0ij on element j can
be deflned as,
qij = [q
T
r q
T
fij ]
T (2.9)
where qr and qfij are the vectors of generalized coordinates of the reference coordinates
deflning the location of the body coordinate system and the elastic coordinates of element
j. The kinetic energy of element j is given by
KEij =
1
2
Z Lij
0
‰ijAijV
T
pijV pij dr (2.10)
where ‰ij and Aij are the density and cross-sectional area of element j, respectively.
2.3. potential energy formulation
The potential energy of an element can be obtained by combining the strain energy
due to axial and bending deformations. Using Euler{Bernoulli beam theory, the strain
energy of element j due to bending is
Uij(bending) =
1
2
Z Lij
0
fEijIiju2ij;rrg dr: (2.11)
The strain energy due to axial deformation can be derived from the stretch of the beam.
After simplifying and expanding the longitudinal strain terms using binomial expansion
and retaining terms up to fourth order in the strain formulation, the strain energy for
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the axial deformation becomes
Uij(axial) =
1
2
Z Lij
0
‰
Eijaij
µ
v2ij;r + vij;ru
2
ij;r +
1
4
u4ij;r
¶¾
dr: (2.12)
The total potential energy can be obtained by combining the strain energy due to
bending and the strain energy due to axial deformations:
PEij = Uij(bending) + Uij(axial)
=
1
2
Z Lij
0
‰
EijIiju
2
ij;rr + EijAij
µ
v2ij;r + vij;ru
2
ij;r +
1
4
u4ij;r
¶¾
dr (2.13)
where Eij , Aij and Iij are respectively the Young’s moduli, area and area moment of
inertia of element j of body i.
2.4. generalized forces from virtual energies
Derivation of generalized forces associated with the system generalized coordinates
plays an important role in Lagrangian formulation of the multibody systems. Consider
two bodies i and (i + 1) which are connected by a spring-damper element with spring
constant k and damping coe–cient c. The force acting along the line connecting points Pi
and Pi+1 can be written as,
Fs = k(s¡ s0) + c _s (2.14)
where s0 and s are the undeformed and deformed spring lengths.
Because the spring force acts in the direction opposite to the direction of the increasing
length, the virtual work –ws of the force Fs may be written as
–ws = ¡Fs–s
= ¡fk(s¡ s0) + c _sg–s: (2.15)
The virtual change in spring length –s can be derived in terms of the generalized coor-
dinates associated with the positions of the connecting points Pi and Pi+1, i.e.,
–s =
µ
@s
@qi
¶
–qi +
µ
@s
@qi+1
¶
–qi+1: (2.16)
Then, the virtual work can be written as
–ws = ¡Fs
•
@s
@qi
@s
@qi+1
‚‰
–qi
@qi+1
¾
=Qi–qi +Qi+1–qi+1: (2.17)
The generalized forces associated with body i and body (i+1) due to spring and damper
forces are given by
Qi = ¡Fs
@s
@qi
(2.18)
Qi+1 = ¡Fs
@s
@qi+1
: (2.19)
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2.5. Lagrange’s equations
The formulation of equations of motion is done by expanding Lagrange’s equations,
and collecting the respective terms. The kinetic and potential energies of a °exible body
with Ne flnite elements can be obtained by adding the respective energies of each element.
The total kinetic energy (KE) and potential energy (PE) of the multibody system withNb
bodies can be obtained by adding the energies of each body. The Lagrangian function L
of the system can be written as
L(q; _q; t) = KE ¡ PE: (2.20)
The general form of Lagrange’s equation for unconstrained systems can be written as
d
dt
µ
@L
@ _qm
¶
¡ @L
@qm
= Qm (2.21)
for m = 1 to Ndof , where Ndof is the number of degrees of freedom of the multibody
system and Qm is the generalized force.
Since the Lagrangian L is a function of _q, q and t, equation (2.21) can be expanded
in the following form to facilitate symbolic programming, i.e.,
@
@ _q
µ
@L
@ _qm
¶
q˜ = ¡ @
@q
µ
@L
@ _qm
¶
_q ¡ @
@t
µ
@L
@ _qm
¶
+
@L
@qm
+Qm (2.22)
or
M(q; t)q˜ = f( _q; q; t) (2.23)
where M is the mass matrix, f is the right-hand side vector, and q is the generalized
coordinate vector of the multibody system with the entries of M and f represented by
Mm;n =
@
@ _qn
µ
@L
@ _qm
¶
(2.24)
fm = ¡
NdofX
n=1
@
@qn
µ
@L
@ _qm
¶
_qn ¡ @
@t
µ
@L
@ _qm
¶
+
@L
@qm
+Qm: (2.25)
3. Symbolic Formulation
As mentioned in previous sections, the analysis of complex multibody system requires
signiflcant algebraic manipulations. Therefore, manual formulation is extremely di–cult,
time consuming, and prone to errors. Computer-aided symbolic methods can minimize
the analyst’s burden and eliminate errors. In addition, the use of symbolic methods allows
higher-order non-linear terms and elastic modes to be easily included in the formulation.
Symbolic approaches generate explicit equations thus providing clearer physical insight
and facilitating parameter identiflcation. The analysis of multibody systems using nu-
merical formulation is ine–cient, because the formulation must be repeated for every
time step and each new set of parameters. This can be avoided using a symbolic method,
where the formulation is done only once for a speciflc model for the entire simulation
time.
The °ow chart used for developing the symbolic equations is shown in Figure 2. The
inputs to the program are the number of elements, nodal degrees of freedom and the
velocity of any point on element j of body i. Lagrange’s equation was expanded to ob-
tain the mass and the right-hand side force equations. The generalized forces induced by
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∂
fm=–Σn ∂ qn
∂ L
∂ qm·
qn
·
∂
– ∂t
∂ L
∂ qm·
+
∂ L
∂ qm
Formulate f (q , q , t)·
Formulate Symbolic
Mass Matrix, M
∂2 L
Mmn= ∂ qn ∂ qm
··
Derive the generalized forces,
add to the right-hand side
equations
Formulate Symbolic
Damping and Stiffness Matrices,
Cmn = – ∂ qn·
Kmn = –
∂ fm
∂ qn·
fm = fm + Qm
Convert Mmn Cmn Kmn
and fm into FORTRAN format
Numerical Integration
of Finite Element Equations
Inputs:
Description of Nodes
and Elements
Boundary Conditions
Degrees of Freedom
and Each Body, KE i
and Each Body, PE i
Total Kinetic Energy
of a flexible body
Formulate Symbolic
Kinetic Energy for
Each Element, KE ij
Formulate Symbolic
Strain Energy for
Each Element, PE ij
KE = Σ KE ij
Total Kinetic Energy
KE = Σ KE i
Total Strain Energy
of a flexible body
PE = Σ PE ij
Total Kinetic Energy
PE = Σ PE i
Lagrangian
L = KE – PE
∂ fm
Figure 2. Flow chart for symbolic generation of flnite element equations.
suspension elements were added to the right-hand side of the equations. The symbolic
equations may be provided in two FORTRAN forms: form 1 for general non-linear sys-
tems, and form 2 for linear systems. For general non-linear systems, equation (2.23) is
used:
Mq˜ = f( _q; q; t): (3.1)
For small motion, equations may be linearized in the following form:
Mq˜ +C _q +Kq = B1u+B2w + f⁄ (3.2)
where, M , C and K are the mass, damping and stifiness matrices, B1 and B2 are the
coe–cient matrices of control force u and input w, and f⁄ is the remaining force vector.
The symbolic program developed in the present work used the MAPLE commands
such as int (integration), difi (difierentiation), multiply (matrix/vector multiplication),
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add (matrix/vector addition), array (matrix/vector declaration), sum (summation),
fortran (converting equations into FORTRAN format), etc. Based on the above, a sym-
bolic program was developed. Equations of motion were expressed in FORTRAN format
ready for numerical integration. The symbolic formulation code contains about 8 pages,
and numerical subroutine RKF45 has 6 pages (comment statements are not countered).
4. Examples
In order to demonstrate the symbolic formulation and numerical integration programs,
two examples were considered: a slider{crank mechanism and the aircraft model. The
symbolic equations were then integrated by a numerical integration subroutine (RKF45)
which requires iterations in order to satisfy the convergence criteria.
4.1. example 1: slider{crank mechanism
The slider{crank mechanism shown in Figure 3 consists of the crank shaft AB, the
connecting rod BC, and the slider block at C. The crank shaft and the slider block were
modeled as rigid bodies, whereas the connecting rod was modeled as a °exible body. The
°exible connecting rod shown in Figure 4 was divided into two beam elements with three
degrees of freedom per node. Both longitudinal and lateral deformations of the °exible
connecting rod were considered for the purpose of analysis.
The crank shaft and the connecting rod are made of steel, having a circular cross-
section. The dimensions and material properties of the slider{crank mechanism are iden-
tical to those used by Bakar and Shabana (1986). The connecting rod was modeled as
a simply supported beam because of the revolute joints at the ends B and C. The elas-
tic coordinates of connecting rod were reduced to six by applying the simply supported
boundary conditions to the unconstrained connecting rod. The joint between the crank
shaft and the connecting rod was modeled by solving the constraint equations.
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linear).
The dynamic response of the °exible connecting rod was analysed by rotating the
crank shaft with constant angular velocity. In Figure 5, the normalized transverse dis-
placement of the connecting rod was plotted as a function of crank angle `. Normalized
de°ection was represented by the dimensionless parameter fl, obtained by dividing the
lateral displacement at the mid-point by the length of the connecting rod. Figure 5 shows
the comparison between the linear and non-linear cases of the response of the connecting
rod. In the non-linear case terms up to fourth order were included in the strain energy
formulation.
To check the validity of the symbolic formulation, the results obtained by the present
method were compared with the results obtained by Bakar and Shabana (1986). They
were found to be in good agreement with each other. Sources of discrepancy may be their
neglect of fourth order terms in the strain energy formulation, their use of coordinate
reduction technique and Lagrange’s multipliers for constraint modeling.
4.2. example 2: the aircraft model
The two-dimensional aircraft model shown in Figure 6 consists of flve bodies, they are
two landing gears (1 and 5), two wings (2 and 3) and fuselage (body 4). The fuselage and
the landing gears (with tires treated as linear springs and viscous dampers) were modeled
as rigid bodies, whereas the wings were modeled as °exible cantilever beams with varying
cross-sectional area. Each wing was divided into ten beam elements with two degrees of
freedom per node. The area of cross-section of each element was considered as constant
throughout the element length. Each landing gear was modeled with a spring, a damper
and an unsprung mass. The stifiness and damping coe–cients for both left and right
landing gears were considered as the same. The properties of the aircraft model in the
present example are identical to those used by Changizi (1985).
The fuselage is modeled with two degrees of freedom and the wings with 20 degrees
of freedom each. The generalized coordinates at the wing joints are flxed because of the
cantilever beam boundary conditions. Each tire assembly is modeled as a single degree
of freedom system. The symbolic equations of this aircraft model occupy 43 pages. Part
of these equations formulated by computer are listed in the Appendix.
Formulation of this 44-DOF second-order aircraft model (43 pages of symbolic flnite
element equations) took about 20 minutes of CPU time on a DECstation. It is hard
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Figure 7. The bump model.
to imagine how long it would take to derive 43 pages of explicit equations by hand!
Numerical integration of the aircraft model for 1500 time intervals (each interval requires
many iterations to converge) takes approximately 10 minutes of CPU time.
The major factors in causing vibrations, dynamic stress and fatigue damage of the
aircraft structures were recognized as the dynamic loads due to runway unevenness and
landing impact. In this example the main focus was projected on the dynamic response
of the aircraft due to runway unevenness. The ground-induced dynamic forces during
traverse of abrupt elevation change in the runway surface were modeled by installing a
bump in the runway surface. Figure 7 shows the bump model generated by a standard
cycloidal curve.
The dynamic response of the aircraft was analysed when the landing gear (body 5)
encounters a bump at time t = 0 seconds, until the completion of the elevation and
return to the ground level at time t = 0:07 seconds. The results were plotted for 1.5
seconds, Figures 8 and 9 represent the fuselage bounce and rotation with respect to the
global axes. Figures 10 and 11 show the deformations of both wing tips with respect to
their body coordinate axes. The response of the fuselage settled fast due to the damping
efiect, whereas the wings took a long time to settle because they were modeled as °exible
bodies without damping.
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5. Conclusions
A symbolic method for formulation of multibody systems composed of interconnected
rigid and °exible bodies that undergo large rigid body rotations and small elastic de-
formations was presented. A program developed in the symbolic language MAPLE used
the kinematic data as the input and generated the flnite element equations from an
expanded Lagrange’s procedure. The use of symbolic methods to formulate equations
of motion for a large-DOF multibody system signiflcantly reduces the time and efiort.
The output equations are automatically expressed in symbolic FORTRAN format ready
for any numerical treatments (such as integration, eigensolution and controller design).
In this paper, the system equations were numerically integrated using the 4{5th order
Runge{Kutta{Fehlberg method which is capable of self adjusting step sizes.
The validity of the symbolic method was demonstrated by solving two 2-D examples,
namely a slider{crank mechanism and an aircraft model. In the slider{crank mechanism,
the connecting rod was modeled as a °exible body and was divided into two elements.
The mid-point de°ection of the connecting rod was compared in linear as well as non-
linear cases. In the aircraft model, the fuselage and tire assemblies are treated as rigid
bodies, and the wings were modeled as °exible bodies and were divided into ten elements
each. The dynamic behavior of the aircraft due to runaway unevenness was analysed.
The results obtained in the present analysis were in close agreement with the previously
published results.
Appendix. Part of the Symbolic Equations of Motion for the Aircraft Model
sl=0.85E1*rho*Area9*L**2-0.55E1*rho*Area15*L**2+0.45E1*rho*Area5
#*L**2+0.65E1*rho*Area7*L**2-0.45E1*rho*Area16*L**2-0.95E1*rho*Area
#11*L**2+0.55E1*rho*Area6*L**2-0.3E1*rho*Area20*L+0.3E1*rho*Area2*L
#+0.3E1*rho*Area8*L+0.3E1*rho*Area7*L+0.3E1*rho*Area4*L+0.3E1*rho*A
#real*L-0.3E1*rho*Area15*L+0.3E1*rho*Area10*L-0.3E1*rho*Area17*L-0.
#3E1*rho*Area13*L-0.3E1*rho*Area19*L+0.3E1*rho*Area9*L-0.3E1*rho*Ar
#ea18*L
xmass(1,2)=s1+0.3E1*rho*Area5*L+0.3E1*rho*Area3*L-0.3E1*rho*Are
#a14*L-0.3E1*rho*Area16*L-0.3E1*rho*Area11*L+0.3E1*rho*Area6*L-0.3E
#1*rho*Area12*L-0.35E1*rho*Area17*L**2-0.75E1*rho*Area13*L**2+0.5E0
#*rho*Area1*L**2+0.15E1*rho*Area2*L**2-0.85E1*rho*Area12*L**2-0.25E
#1*rho*Area18*L**2+0.35E1*rho*Area4*L**2-0.15E1*rho*Area19*L**2-0.5
#E0*rho*Area20*L**2-0.65E1*rho*Area14*L**2+0.95E1*rho*Area10*L**2
xmass(2,12)=-0.3E0*rho*Area4*L**3+3666667E0*rho*Area5*L**3-0.
#25E0*rho*Area4*L**2+0.25E0*rho*Area5*L**2
xmass(36,2)=-0.3833333E0*rho*Area16*L**3+0.45E0*rho*Area15*L**3
#-0.25E0*rho*Area16*L**2+0.25E0*rho*Area15*L**2
xmass(38,38)=0.1333333E0*FLJ16*L+0.95238098E-2*rho*Area16*L**3+0
#.952381E-2*rho*Area17*L**3+0.1333333E0*FLJ17*L
xmass(40,39)=-0.5238095E-1*rho*Area17*L**2+0.1E0*FLJ18+0.523809
#5E-1*rho*Area18*L**2-0.1E0*FLJ17
xmass(42,42)=0.1333333E0*FLJ19*L+0.9523809E-2*rho*Area18*L**3+0
#.1333333E0*FLJ18*L+0.952381E-2*rho*Area19*L**3
xmass(44,44)=0.1333333E0*FLJ20*L+0.1333333E0*FLJ19*L+0.952381E-
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#2*rho*Area20*L**3+0.9523809E-2*rho*Area19*L**3
xf(1)=-2*KS1*q1-KS1*q5+KS1*q47-2*CS1*dq1-CS1*dq5+CS1*dq47-KS1*
#q43+KS1*q48-CS1*dq43+CS1*dq48
xf(2)=-0.605E2*KS1*q2-0.55E1*KS1*q5+0.55E1*KS1*q47-0.605E2*CS1
#*dq2-0.55E1*CS1*dq5+0.55E1*CS1*dq47+0.55E1*KS1*q43-0.55E1*KS1*q48+
#0.55E1*CS1*dq43-0.55E1*CS1*dq48
xf(6)=-0.4E1*YEFL*AIZZFL1/L*q6-0.6E1*YEFL*AIZZFL1/L**2*q3
#-0.2E1*YEFL*AIZZFL1/L*q4+0.6E1*YEFL*AIZZFL1/L**2*q5
#-0.6E1*YEFL*AIZZFL2/L**2*q5-0.4E1*YEFL*AIZZFL2/L*q6
#+0.6E1*YEFL*AIZZFL2/L**2*q7-0.2E1*YEFL*AIZZFL2/L*q8
xf(44)=-0.2E1*YEFL*AIZZFL20/L*q46-0.4E1*YEFL*AIZZFL20/L*q44
#-0.6E1*YEFL*AIZZFL20/L**2*q43-0.4E1*YEFL*AIZZFL19/L*q44
#+0.6E1*YEFL*AIZZFL19/L**2*q43-0.2E1*YEFL*AIZZFL19/L*q42
#-0.6E1*YEFL*AIZZFL19/L**2*q41+0.6E1*YEFL*AIZZFL20/L**2*q45
xf(47)=-KS2*q47+KS1*q1+0.55E1*KS1*q2+KS1*q5-KS1*q47+CS1*dq1+0.
#55E1*CS1*dq2+CS1*dq5-CS1*dq47
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